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<54) METHOD FOR DEPOSITING THICK FILM OF TITANIUM NITRIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a composite TiN film having an improved step coverage, low film 
stress and suitable for for a plugging of small dimensions compared to the case by a standard TiN 
process. 

SOLUTION: The method for forming a titanium nitride (TiN) layer uses the reaction between ammonia 
<NH3) and titanium tetrachloride (TiCI4). In one embodiment, a TiN layer is deposited by using the temp, of 
about 500° C, the pressure of about 2 Torr and the NH3:TiCI4 ratio of about 8.5. In an another 
embodiment, a composite TiN layer is formed by alternately depositing plural TiN layers with different 
thickness by using the process condition having different NH3:TiCI4 ratios. In one suitable embodiment, a 
TiN layer of about <20 angstrom is formed at the NH3:TiCI4 ratio of about 85, and after that, a thicker TiN 
layer is deposited at the NH3:TiCI4 ratio of about 8.5. By repeating the deposition of alternate layers by 
using two different process conditions, a composite TiN layer is formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the approach of depositing a titanium nitride (TiN) layer on a substrate — it is — (a) — the 
deposition approach of a titanium nitride layer equipped with the step which forms the 1st TiN layer using 
the reaction between ammonia (NH3) with a pressure range of about 10-50torr and a temperature of less 
than about 550 degrees C and a titanium tetrachloride (TiCI4). 

[Claim 2] The deposition approach according to claim 1 by which said step (a) is performed by larger 1st 
NH3:TiCI4 ratio than about 5. 

[Claim 3] The deposition approach according to claim 1 by which said step (a) is performed at the 
temperature of about 500 degrees C. 

[Claim 4] The deposition approach according to claim 1 by which said step (a) is performed by the pressure 
of about 20torr. 

[Claim 5] The deposition approach according to claim 1 by which said step (a) is NH3 flow rate of about 30 
to 200 seem, and is performed by the TiCI4 steamy flow rate of about three to 25 seem. 
[Claim 6] The deposition approach according to claim 1 by which said step (a) is performed with the 1st 
NH3:TiCI4 ratio of about 8.5, the process temperature of about 500 degrees C, and the total pressure of 
about 20torr. 

[Claim 7] (b) Said 2nd NH3:TiCI4 ratio is the deposition approach according to claim 1 that have further the 
step which forms the 2nd TiN layer from the reaction between NH3 in 2nd NH3:TiCI4 ratio, and TiCI4, and 
said 1st NH3:TiCI4 ratios differ. 

[Claim 8] (c) The deposition approach according to claim 7 further equipped with the step which repeats 
said step (a) and (b) in order to form the compound TiN layer which consists of the 1st TiN layer and the 
2nd TiN layer which carry out alternation. 

[Claim 9] Said 2nd NH3:TiCI4 ratio is the larger deposition approach according to claim 7 than about 40. 
[Claim 10] Said 1st NH3:TiCI4 ratio is the deposition approach according to claim 7 which is about 85. 
[Claim 11] Said 2nd NH3:TiCI4 ratio is the deposition approach according to claim 10 which is about 85. 
[Claim 12] Said step (b) is the deposition approach according to claim 7 performed at temperature lower 
than about 550 degrees C. 

[Claim 13] Said 1st TiN layer is the deposition approach according to claim 7 of having the thickness 
between about 150-300A, and having thickness with said 2nd TiN layer smaller than about 20A. 
[Claim 14] The deposition approach according to claim 13 further equipped with the step which repeats 
said step (a) and (b) in order to form the compound TiN layer which consists of the 1st TiN layer and the 
2nd TiN layer which carry out alternation. 

[Claim 15] The step which is the approach of depositing a compound titanium nitride (TiN) layer, and forms 
the 1st TiN layer using the reaction between (a) NH(s)3 in larger 1st NH3:TiCI4 ratio than about 40 and 
TiCI(s)4 on a substrate, (b) Said 1st NH3:TiCI4 ratio is the deposition approach by which it has the step 
which forms the 2nd TiN layer on said 1st TiN layer using the reaction between NH3 in different 2nd 
NH3:TiCI4 ratio, and TiCI4, and said step (a) and (b) are performed at the temperature of less than about 
550 degrees C. 

[Claim 16] Said 1st NH3:TiCI4 ratio is the deposition approach according to claim 15 by which it is larger 
than said 2nd NH3:TiCI4 ratio, and said 1st TiN layer is formed by the 1st thickness thinner than the 2nd 
thickness of said 2nd TiN layer. 



[Claim 17] The deposition approach further equipped with the step which repeats said step (a) and (b) in 
order to form the compound TiN layer which consists of the 1st TiN layer and the 2nd TiN layer which are 
the deposition approach according to claim 15, and carry out (c) alternation. 

[Claim 18] Said 1st NH3:TiCI4 ratio is the deposition approach according to claim 15 which is about 85. 
[Claim 19] Said 2nd NH3:TiCI4 ratio is the deposition approach according to claim 15 which is about 8.5. 
[Claim 20] Said step (a) and (b) are the deposition approach according to claim 15 performed at the 
process temperature of about 500 degrees C. 

[Claim 21] Said step (a) and (b) are the deposition approach according to claim 15 performed in the 
pressure range between 10-50torr. 

[Claim 22] The step which is the approach of depositing a compound titanium nitride (TiN) layer, and forms 
the 1st TiN layer using the reaction between NH3 in (a) 1st NH3:TiCI4 ratio, and TiCI4 on a substrate, (b) 
The step which forms the 2nd TiN layer using the reaction between NH3 in 2nd NH3:TiCI4 ratio, and TiCI4, 
(c) Said 2nd NH3:TiCI4 ratio is the deposition approach that have the step which repeats said step (a) and 
(b) by the method of carrying out alternation in order to generate said compound TiN layer, and said 1st 
NH3:TiCI4 ratios differ. 

[Claim 23] Said step (a) and (b) are the deposition approach according to claim 22 performed at the 
temperature of less than about 550 degrees C. 

[Claim 24] Said step (a) and (b) are the deposition approach according to claim 23 performed by the 
pressure higher than about 5torr. 

[Claim 25] Said 1st and 2nd NH3:TiCI4 ratio is the larger deposition approach according to claim 21 than 
about 5. 

[Claim 26] Said 1st NH3:TiCI4 ratio is the larger deposition approach according to claim 25 than about 40. 
[Claim 27] Said step (a) is the deposition approach according to claim 21 which is NH3 flow rate of about 
30 to 200 seem, and is performed by the TiCI4 steamy flow rate of about three to 25 seem, and said step 
<b) is NH3 flow rate of about 100 to 500 seem, and is performed by the TiCI4 steamy flow rate of about 
one to 6 seem. 

[Claim 28] It is the computer storage which uses the coat deposition approach equipped with the step 
which forms the 1st titanium nitride (TiN) layer using the reaction between ammonia (NH3) with a pressure 
[ for (a) about 10-50torr ], and a temperature of less than about 550 degrees C, and a titanium 
tetrachloride (TiCI4) on the occasion of the time of being a computer storage containing a software routine 
and this software routine being performed for controlling a growth chamber by the general purpose 
computer. 

[Claim 29] Said step (a) is a computer storage according to claim 28 performed by larger 1st NH3:TiCI4 
ratio than about 5. 

[Claim 30] Said coat deposition approach is a computer storage [ equipped with the step which forms the 
2nd titanium nitride (TiN) layer from the reaction between (b) NH(s)3 in the 2nd NH3:TiCI4 ratio from which 
said 1st NH3:TiCI4 ratio differs and TiCI(s)4 ] according to claim 28 further. 

[Claim 31] Said coat deposition approach is a computer storage [ equipped with the step which repeats 
said step (a) and (b) in order to form the compound TiN layer which consists of the 1st TiN layer and the 
2nd TiN layer which carry out (c) alternation further ] according to claim 30. 

[Claim 32] It is a computer storage containing a software routine. This software routine When performing, it 
faces controlling a growth chamber by the general purpose computer, (a) The step which forms the 1st TiN 
layer which has the 1st thickness using the reaction between NH3 in 1st NH3:TiCI4 ratio, and TiCI4, (b) 
The step which forms the 2nd TiN layer which has the 2nd thickness thicker than said 1st thickness using 
the reaction between NH3 in 2nd NH3:TiCI4 ratio smaller than said 1st NH3:TiCI4 ratio, and TiCI4, (c) The 
step which repeats said step (a) and (b) in order to form the compound TiN layer which consists of the 1st 
TiN layer and the 2nd TiN layer which carry out alternation, A preparation, said step (a), and (b) are a 
computer storage with which it is carried out at the temperature of less than about 550 degrees C, and 
said 1st NH3:TiCI4 ratio uses the larger thin film deposition approach than about 40. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 1. About the deposition approach of a titanium nitride coat, especially field 
this invention of invention is thick, and relates to the approach of forming a titanium nitride coat without a 
crack. 

[0002] 2. It has prevented that often use a titanium nitride coat as a metal barrier layer, and a metal is 
spread on the occasion of manufacture of the explanation integrated circuit of a background technique in 
the bottom field which is directly under this barrier layer. In addition to this in these bottom fields, a thing 
like much structure seen by the transistor gate, a capacitor dielectric, a semi-conductor substrate, metal 
Rhine, and the integrated circuit is contained. 

[0003] For example, when [ that ] the electrode for the gates of a transistor is formed, the diffusion barrier 
is often formed between the metals which function as the contact section of a gate ingredient and an 
electrode. This diffusion barrier prevents being spread in the gate ingredient which a metal can form from 
polish recon. Since such metal diffusion changes the property of a transistor, namely, makes it impossible 
of operation, it is not a desirable thing. For example, the compound of titanium/titanium nitride (Ti/TiN) is 
often used as diffusion barrier. 

[0004] Moreover, it has been used in order that the accumulation object of Ti/TiN may also offer the 
contact to the source and the drain of a transistor, for example, the silicification which is made to deposit 
Ti layer on (Silicon Si) substrate, and brings about Si low resistance contact for Ti layer after that in case 
contact is formed using (Tungsten W) plug process — it converts into titanium (TiSiX). Then, before 
forming a tungsten plug, a TiN layer is formed on a TiSiX layer. In addition to being a barrier layer, the TiN 
layer has achieved two additional functions. That is, it contributes as a glue line which promotes adhesion 
of preventing the chemical attack of TiSiX by the 6 tungsten fluoride under deposition of 1W (WF6), and 2W 
plug. 

[0005] Ti and a TiN coat can be formed by physics or chemical vapor deposition. The barrier layer of a 
Ti/TiN compound can be formed in the "cluster tool" of a multiplex chamber by making Ti coat deposit 
within one chamber, and making a TiN coat deposit within another chamber after that. When making the 
both sides of Ti and TiN deposit using chemical vapor deposition (CVD) and reacting with different reactant 
gas is possible, the both sides of Ti and a TiN coat can be formed using a titanium tetrachloride (TiCI4). 
That is, under the plasma state, when four react with TiCIH2, Ti is formed, and TiN is formed when TiCJ4 
reacts with nitrogen. Generally TiN can be formed depending on a specific nitrogen content compound by 
making TiCI4 react with this nitrogen content compound under the plasma state or a heat condition, 
therefore, a TiN coat — the reaction between TiCI4 and ammonia (NH3) — using — an elevated 
temperature — it can form by CVD. However, this TiN coat has the inclination of about [ 2x1010 
dynes //cm ] two to essentially have high tensile stress, to 200A thickness. Since tensile force becomes 
large with the increment in thickness, if thickness exceeds about 400A, a crack will begin to grow. The 
consistency of a crack and the both sides of magnitude actually increase until a coat finally comes off and 
falls. 

[0006] Therefore, in this technical field, the need for a thick TiN coat with the dependability which has an 

amelioration property like good step coverage or low stress exists. 

[0007] 



[Summary of the Invention] This invention is in the approach of forming a titanium nitride (TiN) layer using 
the reaction between NH3 and TiCI4. In one example of this invention, a TiN layer is formed at the 
pressure for about 10-50torr, and the temperature of less than about 550 degrees C. Specifically, this TiN 
layer is formed by the temperature of about 500 degrees C, the pressure of about 20torr, and the 
NH3:TiCI4 ratio of about 8.5. 

£0008] In another example, a TiN layer is formed by making two or more TiN layers deposit by turns using 
two process steps or process step which has different NH3:TiCI4 ratio. As for these process steps, it is 
desirable to be carried out at the temperature of about 500 degrees C. The TiN layers which carry out 
alternation differ in those coat properties, such as stress, step coverage, and the crystal structure. The 
Jast TiN layer which constitutes the complex of these TiN(s) layer that carry out alternation has all the 
step coverage and the stress property which were improved as compared with TiN deposited using the 
process of the advanced technology. In one suitable example, the 1st TiN layer is deposited on the 1st 
thickness of less than about 20A in the NH3:TiCI4 ratio between 40-250. This 1 st TiN layer has the 
inclination to have low membrane stress. Then, it deposits on the 2nd thickness while the 2nd TiN layer is 
150-300A between 2.5-17 using the NH3:TiCI4 ratio of about 8.5 preferably. Although the 2nd TiN layer has 
the outstanding step coverage, the membrane stress is high. By repeating and forming these layers that 
carry out alternation, the last compound TiN layer of the thickness exceeding 1000A can be formed, and 
synthetic amelioration to the both sides of step coverage and membrane stress can be performed. Usually, 
the specific process step used for forming an early TiN layer can be made to deposit suitably [ it is not 
important and ] for the thickness from which the layer which carries out alternation differs. Especially the 
compound TiN layer formed using this invention is suitable to the example of plug filling (plug-fill) 
application with a dimension of 0.18 micrometers or less. 
[0009] 

[Detailed explanation of an operation gestalt] He can understand the contents of instruction of this 
invention easily by considering the following detailed explanation in relation to an accompanying drawing. 
[0010] In order to make an understanding easy, the same component common to each drawing expressed 
using the same reference figure. 

[0011] This invention is dealing with the problem of the crack invited to the thick coat of titanium nitride 
(TiN) by stress. The thick coat of TiN can be used for the example of plug application in a technique 0.18 
micrometers or less. Any cracks in a coat become increase of the specific resistance of a coat, and this 
influences the contact resistance in a contact hole directly, this invention makes it possible to be 
comparatively alike using the reaction between NH3 and TiCI4, and to form the thick TiN coat of low 
stress. In one example, between 2.5-17, preferably, a TiN layer is the NH3:TiCI4 ratio of about 8.5, and is 
deposited at the temperature of about 500 degrees C. In another example, a TiN layer is about 500 degrees 
C in temperature preferably, and is formed by making the TiN coat of different thickness deposit by turns 
using two different NH3:TiCI4 ratios. Especially one process step needs to form the thin TiN coat of low 
stress, and on the other hand, although other process steps have high membrane stress, they are used for 
making the thick TiN coat with which step coverage was improved deposit. These two process steps are 
repeated until it finally reaches desired TiN layer thickness. This invention forms as a result the thick TiN 
coat which has all good step coverage and reduction stress. The approach of these two steps produces as 
a result the compound TiN layer which has the property (for example, reduction stress) improved as 
compared with what was obtained using the approach of a single step while making a bigger process margin 
possible. 

[0012] System 10 drawing 1 expresses roughly the wafer processing system 10 which can be used for 
carrying out many examples of this invention. As for this processing system 10, it is common to have 
hardware configuration elements, such as a power source and a vacuum pump, with the processing 
chamber 100, the gas panel 130, and the control unit 110. An example of the processing chamber 100 is a 
TiN chamber, and this is indicated by the U.S. patent application 09th for which it applied on December 14, 
1998 and which was transferred like usually / No. 21 1,998 "a high-temperature-chemistry gaseous-phase 
deposition chamber (High Temperature Chemical Vapor Deposition Chamber)" from the former, and is 
included in this specification by reference. 

[0013] The processing chamber 100 process chamber or the processing chamber 100 is usually equipped 
with the support pedestal 150, and this support pedestal 150 is used for it, and it supports the substrate of 
semiconductor wafer 190 grade in the processing chamber 100. Using a displacement device (not shown), 



within the processing chamber 100, it is moved perpendicularly and usually deals in this support pedestal 
150. A semiconductor wafer 190 must be heated to the request temperature which is before processing 
depending on a specific process. In this invention, the wafer support pedestal 150 is heated at the heater 
170 which is the embedded heating element. For example, resistance heating of the support pedestal 150 
can be carried out by impressing the current from AC power 1 06 to a heater 1 70. A semiconductor wafer 
190 can be heated by the support pedestal 150 next, for example, can be maintained in a 400-7 50-degree 
C process temperature requirement. The temperature sensors 172, such as a thermocouple, are also 
embedded in the wafer support pedestal 1 50, and supervise the temperature of this support pedestal 1 50 
by the usual approach. For example, measurement temperature can be used in the feedback loop, the 
power source 106 of a heater 170 can be controlled, and wafer temperature can be maintained or 
controlled now to the request temperature suitable for the specific example of process application. 
[0014] The suitable control and the accommodation of a quantity of gas flow which pass along a gas panel 
130 are performed by two or more mass flow rate controllers (not shown) and the control units 1 10, such 
as a computer. The shower head 120 permits that distribute uniformly and the process gas from a gas 
panel 130 is introduced into the processing chamber 100. Although it is instantiation-like, the control unit 
1 10 is equipped with the central-process unit (CPU) 112, the support circuit 114, and the memory 
containing the control software 1 16 of relation. This control unit 1 10 is bearing the automatic control of the 
various steps required of wafer processing of degassing of wafer conveyance, quantity-of-gas-flow control, 
temperature control, a chamber, or a chamber etc. It is treated through the various signal cables which 
bundle up the 2-way communication link between a control unit 1 10 and the various components of a 
processing system 10 as a signal bus 118, and are called, and the some are illustrated by drawing 1 . 
[0015] A vacuum pump 102 is used in order to maintain a quantity of gas flow and a pressure suitable in 
this processing chamber 100, while making the processing chamber 110 into a vacuum. The shower head 
120 which introduces process gas in the processing chamber 100 is arranged above the wafer support 
pedestal 150. The "two-trains gas" shower head 120 used in this invention has two separate paths which 
make it possible to introduce two sorts of gas into the processing chamber 100 separately, without 
carrying out premixing. The detail of the shower head 120 is indicated by the U.S. patent application 09th 
for which entitled "the two-trains gas table face-plate for the shower head in a semiconductor wafer 
processing system (Dual Gas Faceplate for a Showerhead in a Semiconductor Wafer Processing System)", 
and it applied on June 16, 1998 and which was transferred like usually / No. 098 or 969, and is included in 
this specification by reference. It connects with the gas panel 130, and this shower head 120 controls and 
supplies the various gas by which this gas panel is used at the step from which procedure differs through a 
mass flow rate controller (not shown). The purge gas source of supply 104 makes it min to supply the 
purge gas which is inert gas to the circumference of the pars basilaris ossis occipitalis of the support 
pedestal 1 50, and for a non-wanted deposit to form on the support pedestal 1 50 during processing of a 
wafer. 

[0016] deposition of a TiN coat — especially the ideal TiN coat must have low stress and^ood step 
coverage about the example of plug filling application which has the small dimension of 0.18 micrometers or 
less. In order to form the coat which has the optimal request property, deposition process conditions need 
to be adjusted suitable. In order to form the TiN coat from which the property of step coverage and stress 
changes on the occasion of deposition of TiN using the reaction between NH3 and TiCI4, NH3:TiCI4 ratio 
can be adjusted. 

[0017] In a standard TiN deposition process, the pedestal temperature exceeding 650 degrees C is often 
used by the typical NH3:TiCI4 ratio of about 5. This will produce as a result the TiN coat which has the 
tensile stress of about [ 2x1010 dynes //cm ] two about the coat of 200A thickness. A crack begins to 
grow up to be the coat of about 400A thickness. Generally, the stress of a TiN coat is reducible by 
increasing reducing deposition temperature and/or NH3:TiCI4 ratio. However, increase of NH3:TiCI4 ratio 
becomes reduction in step coverage. 

[0018] This invention offers two alternative examples which form a thick TiN layer without the crack which 
has good step coverage. The process step (a) illustrated to Table 1 is used for one example. A 
"compound" TiN layer is formed by repeating by turns two process steps <a) which has different NH3:TiCI4 
ratio in the 2nd example, and (b). These two steps (a) and the process parameter about (b) are illustrated 
by dr awing 1 . 
[0019] 



» 



[Table 1] 

311 



Xtv7 (a) (b) 

NH 3 (sccm) 30—200 10O 100-500 150 

N 2 (sccni 1000— 5000, 2000. _1_000~5000 2000__. 

TiCl 4 (sccm) 3-25 12 1-6 1.8 

N,(sccn) 500-2500 1000 500—2500 1000 

Msccid) 500—2500. 1000. £00— j2500 1000__ 

NH 3 :TiCl 4 2.5—17 8.6 40—250 85 

SaS(°C) 400—600 500 400—600 500 

EEjfr ChM- 5~50_ 20. A— 50 „ 20 

Ar(sccm) 1000-5000 2000 1000—5000 2000 





[0020] Drawing 2 (a) - (c) has illustrated the outline cross section of the substrate 200 in many phases 
where integrated-circuit manufacture procedures differ. Usually, the work piece of the arbitration to which 
coat processing is performed is meant in the substrate 200, and since the substrate structure 250 
expresses a substrate 200 in the gross together with other ingredient layers formed on a substrate 200, it 
is used, although it is dependent on the specific phase of processing — a substrate 200 — a silicon 
semiconductor wafer — or it is equivalent to other ingredient layers formed on this wafer. Drawing 2 (a) 
shows the sectional view of the substrate structure 250 of having the ingredient layer 202 which was 
formed like usual on the substrate 200 (for example, lithography and etching), and was patternized, for 
example. The ingredient layer 202 is good at the oxide (for example, Si02) patternized so that contact hole 
202H prolonged to top-face 200T of a substrate 200 might be formed. Usually, a substrate 200 is good in 
the layer of silicon, a silicide, or other ingredients, the inside which whose substrate 200 is silicon and 
exists in the example illustrated to drawing 2 (a) — for example, silicification — the silicide layer 201 which 
is titanium (TiSiX) is formed in pars-basilaris-ossis-occipitalis 202B of contact hole 202H. The TiSiX layer 
201 makes Ti deposit so that a silicon substrate 200 and the patternized oxide 202 may be covered {for 
example, physical gaseous-phase deposition or CVD), is formed by carrying out elevated-temperature 
annealing after that, and becomes formation of the TiSiX layer 201 as the result. The unreacted Ti layer 
203 remains on top-face 202T of an oxide layer 202 (Ti is not formed in flank 202S of contact hole 202H 
for deposition [ similar ] of Ti). Drawing 2 (b) shows the TiN layer 204 deposited on the substrate structure 
250 of drawing 2 (a). 

[0021] In one example of this invention, a TiN layer or a coat 204 is formed in a CVD chamber or a 
chamber similar to the processing chamber 100 using the reaction between NH3 according to the process 
step (a) of Table 1, and TiCI4. After loading the wafer 190 which has the substrate structure 250 on the 
wafer support pedestal 150, NH3 and TiCI4 are introduced in the processing chamber 100 together with 
other gas for TiN coat deposition. TiCI4 is introduced together with helium (helium) and nitrogen (N2) via 
one gas line (not shown) of the two-trains gas shower head 120. TiCI4 which is a liquid in chamber ** is 
supplied to a gas line for example, using a fluid injection system (not shown). Usually, the following 
quantity-of-gas-flow range can be used. They are TiCI4:3 - 25sccm (from a liquid flow rate to 
proofreading), helium:500 - 2500sccm, and N2:500 - 2500sccm. helium and N2 are usually called "dilution" 
gas. It cannot be passed over having used helium and N2 in instantiation, but it can use other gas, such as 
an argon (Ar) and hydrogen (H2), as dilution gas. NH3 of 30 - 200sccm is introduced into the processing 
chamber 100 via the 2nd gas line of the two-trains gas shower head 120 in the flow rate range together 
with the dilution gas of N2 grade of the flow rate range of 1000 - 5000sccm. both of the dilution gas of a 
gas line — the gas of a single kind — or it can constitute, the gas, i.e., the gas mixture object, more than a 



kind from which combination or a ratio differs. As for the rate of a right ratio or combination of dilution gas, 
it is desirable that some "balance" is maintained to operation of this invention between each quantity of 
gas flow in the 1st and 2nd gas lines although it is not important. The possibility of a "back flow" problem 
can be eliminated by maintaining almost equally the quantity of gas flow in two gas lines. The flow rate of 
TiCI [ in / flow rate / in / in more desirable one / the 1st gas line / of NH3 / in about 100 sccm(s) and the 
flow rate of N2 / about 2000 sccm(s) and the 2nd gas line ]4 is that the flow rate of about 1000 sccm(s) 
and helium deposits [ about 12 sccm(s) and the flow rate of N2 ] TiN by about 1000 sccm(s). For example, 
with about 5torr in the range of 10-50torr, and desirable larger total pressure than about 20torr, within the 
limits it is 400-600 degrees C, less than about 550 degrees C of pedestal temperature of about 500 
degrees C can be used preferably. Substrate temperature can be made into about 30-40 degrees C lower 
than pedestal temperature although it is dependent on a specific process condition or specific conditions. 
Furthermore, it is set up via about 2000 sccm(s) between 1000 - 5000sccm(s), and gas line with many 
pars-basilaris-ossis-occipitalis inert gas purge flow rates (for example, inert gas of Ar and others) usually 
more nearly another than it and the purge gas source of supply 104 prepared in the pars basilaris ossis 
occipitalis of the processing chamber 100. This inert gas purge flow rate is useful to making to accumulate 
a non-wanted deposit in the background of the wafer support pedestal 150 into min. The TiN layer 204 
which does not have the crack which has the membrane stress of less than [ about 5x109 dynes //cm ] 
two of about [ 1x109 dynes //cm ] two under these process conditions could be formed, and this TiN layer 
204 is equipped with the step coverage of about 95% of wraps for the contact hole which has a side 
attachment wall and about 7 aspect ratio near almost perpendicularly. (An aspect ratio is defined as the 
ratio of depth d to the width of face W of contact hole 202H in this example.) the TiN layer 204 — mainly 
{220) — and (200) has crystal orientation. Drawing 2 (c) shows the formation of the TiN plug 210 to the 
interior of contact hole 202H. A plug 210 can be formed from the structure of drawing 2 (b) with suitable 
flattening techniques, such as etchback of a blanket, or chemical machinery polish. 

tO022] In another example, a "compound" TiN layer is formed by using the above-mentioned process step 
called a step (a) in relation to another process step (b). As mentioned above, NH3:TiCI4 ratio influences the 
coat property of TiN deposited [ crystal structure / stress, step coverage, ]. Although the TiN coat 
deposited according to the process step (a) shows good step coverage, its membrane stress may not be 
the optimal about the example of application of a thick coat. However, the TiN coat with which stress 
decreased can be formed by increasing NH3:TiCI4 ratio. The process condition or conditions of a step (a) 
and a step (b) are used by turns, and the TiN coat of different thickness is made to deposit on the 
substrate structure 250 of drawing 2 (a) in this example. 

{0023] Drawing 3 (a) -3(d) shows the outline cross section of the substrate 200 which receives processing 
according to this alternative example. For example, drawing 3 (a) shows the same substrate structure 350 
as the thing of drawing 2 (a). Drawing 3 (b) shows the 1st TiN layer 302 deposited on this substrate 
structure 350 to thickness t1. Usually, using either a process step (a) or<b), the first TiN layer 302 is made 
to deposit on the substrate structure 350, and it deals in it. However, if the silicide layer 201 is mainly 
TiSiX, it is desirable to use a process step (b) for forming the first TiN layer 302. The TiN layer 302 formed 
using the process step (b) shows the crystal structure (200) with the modality of bearing (111). 
Subsequently, as shown in drawing 3 (a), the 2nd TiN layer 304 of thickness t2 is formed on a layer 302 
using a process step (a). Since a layer 304 has good step coverage as compared with a layer 302, it is 
[ thickness t2 ] desirable that it is thicker than thickness t1. Then, a process step (b) can be repeated, and 
as shown in drawing 3 (d), the 3rd TiN layer 306 of thickness t3 can be formed on a layer 304. The final 
compound TiN layer 310 is repeatedly produced for a step (a) and this mutual layer deposition using (b) if 
needed. The thickness tC of the compound TiN layer 310 is obtained with the sum total of thickness 
(t1+t2+t3+ ...), such as each class 302, 304, and 306 and ... Usually, such intersection alternation of strata 
{called a constituent layer) 302,304,306 is made to deposit by different thickness, and it deals in it. For 
example, layers 302 and 306 do not necessarily need to have the same thickness mutually. However, the 
stress of making it deposit to thickness thicker than bad, another constituent layer is desirable [ a layer / 
step coverage ], although the constituent layer which has good step coverage is low. Thus, the formed 
compound TiN layer 310 will have the advantage which combined the advantage of the good step coverage 
offered by the process step (a), and the advantage of the reduction membrane stress by the process step 
(b). 

[0024] For example, the TiN layer 302 which has the membrane stress of less than [ about 1x109 



dynes //cm ] two* usually deposits to the thickness t1 of less than about 20A. The layer 304 which has the 
membrane stress of 2 about 5x109 dynes [/cm ] less than and about 95% of step coverage is usually 
preferably deposited to the thickness t2 of about 200A for 150-300A. This procedure repeats a step (a) 
and (b) by turns, it is repeated repeatedly if needed, and the TiN layer of final request thickness is 
obtained. For example, a TiN layer without the crack of 1000A thickness is obtained by about 90% of all 
step coverage using ************** of 5 sedimentary cycle. 

[0025] A process step (b) needs to use the NH3:TiCI4 ratio of about 85 especially preferably within the 
limits of 40-250. NH3 flow rate — the range of 100 - SOOsccm — desirable — about 150 sccm(s) — **** 
— on the other hand — TiCI4 flow rate — the range of 1 - 6sccm — it can be preferably referred to as 
about 1.8 sccm(s). It is still the same as other dilution gas flow rates, temperature, and pressure ranges 
being about a step (a). 

[0026] The fall of process temperature and increases of NH3:TiCI4 ratio are two important aspects of 
affairs of this invention. These [ to a TiN coat property ] two parameters are illustrated by drawing 4 (a) 
6. Drawing 4 (a) shows the outline sectional view of the TiN layer 404 formed on the substrate 400 and the 
patternizing layer 402 using standard NH3 / TiCI4 deposition process with a pedestal temperature of about 
680 degrees C which has the NH3:TiCI4 ratio of about 5. High membrane stress essentially brings a result 
of a layer 404 in which much crack 404C is formed. Drawing 4 (b) is a graph which shows membrane stress 
and specific resistance as a function of the thickness of the TiN layer 404. Membrane stress decreases 
from 2 to 2 cm by about 1x1010 dynes /cm by about 2x1010 dynes /as the thickness of the TiN layer 404 
increases from about 200A to 1000A or more. This clear PARADOKUSU called the fall of the membrane 
stress accompanying increase of coating thickness is explained with "the minute crack (micro-cracking)", 
i.e., the advent, of crack 404C in the layer 404 which releases the great portion of membrane stress. With a 
minute crack, coat specific resistance also increases more than about 140 to 260micro ohm-cm. 
[0027] Drawing 5 (a) shows the TiN layer 504 without the crack formed on the patternizing ingredient layer 
502 and the substrate 500. This layer 504 maintains and deposits process temperature on about 680 
degrees C while increasing NH3:TiCI4 ratio to about 60. This TiN layer 504 does not rack its brains for a 
minute crack by contrast [ the TiN layer 402 of drawing 4 (a) ]. even if, as for membrane stress, coating 
thickness increases — about [ 1.5x1010 dynes //cm ] two — it is comparatively alike, and stops uniformly 
and, on the other hand, coat specific resistance decreases under in about 100micro ohm-cm from about 
120micro ohm-cm. 

[0028] The TiN layer without a crack can be formed also by lowering process temperature to about 500 
degrees C, maintaining NH3:TiCI4 ratio to about 5. Drawing 6 shows the membrane stress which stops less 
than [ which has the specific resistance of about 500micro ohm-cm / about a layer with a thickness of 
1000A / 1x109 dynes //cm ] at two. 

[0029] This invention offers the approach of forming low stress and the thick TiN layer of good step 
coverage by reducing process temperature while increasing NH3:TiCI4 ratio as compared with a standard 
TiN deposition process. Generally especially this invention is applicable in the substrate structure of many 
others which are produced in the various phases of integrated-circuit manufacture, although it is suitable 
for examples of application, such as plug filling. 

[0030] Although it illustrated about some suitable examples which adopted the contents of instruction of 
this invention and being explained to the detail, this contractor can create easily the deformation example 
of many others which use the contents of these instruction too. 
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7* (a) RO* (b) CCOC>T<D^D-fe-X^^"7^-*«0 

i cc^^nrc^o 

[0 o l 9 ] 

[*i ] 



t 
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(6) 
£1 






NH 3 (sccn) 


Xt^T* (a) 

mm tz&&m 

30-200 100 
1000-5000 2000 


(b) 

KB K&ttH 
100-500 150 
1000-5000 2000 


TiCl 4 (sccu) 

Ni(sCOD) 


3-25 

500-2500 

500-2500 


12 

1000 
1000 


1-6 

500-2500 
500-2500 


1.8 

1000 

1000 


NH 3 :TiCl 4 


2.5-17 


8.5 


40-250 


85 




400-600 
5-50 


500 
20 


400-600 
5-50 


500 
20 


Ar(sccm) 


1000-5000 


2000 


1000-5000 


2000 
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[0 02 0] ^2 (a) - (c) tt % «8t|p|8g»£#ffi 
tl>S. 9*. »R2 0 0il*, t*BWffliWftoti*tt 
0«, StE2 0 0±«:»fiSc?nSflSO»f4Jl<fc— StfcS 

©ftjaaiscctsapr 4^ s«2 o o « % »; r> 

JBfcffiSLTl**. 02 (a) IS2 0 0±iC (ffl 

CCJBflE3*i^^->jbS*i/c«?4H2 0 2*Wf4Sfi 
aUfi2 5 0©KHBI*m^l/-CC»S. t«4JB2 0 2 
SS2 0 0©JIffl2 0 0T$rJitf£:3>*# 

-;U2 0 2 H*»5fiS-r&cfc^(c^^->{t3tx/cKfb«J 

s i o 2 ) r<fc^„ as;. s«2 o.o»w 

(a) tcW^Lx/c||j6fet?aK:*jC>T(i, fflS2 0 0B3/y 
n>r^>0. fe**£*r«it«4r-Nfc**> (T i S 
i„) ft?MI2 0 1 «n>^>7 h*-;U2 0 

2HCDfiSP2 0 2Bteff2J5£3*vr<,>£ 0 TiSi x I2 
0 1H «Atf, Ti^>'j3>Ifi2 0 0S^^- 
><tS*ifctt I ^»2 0 2*B9J:9fc WBK 
♦St^ttCVDfc«fc9) *B3ti\ 
*LTSt±fcJ:9J&Jifc3*v ^CD*®*<b It, Ti S 
i x 1201 ©JgflEecftS. *5fE©T il203U|[ 
{t<BjJf 2 0 2 (DUffi 2 0 2 T_L«:g|& ( T i <D& ffiffiffli 
m<Dtc#>. T i h*-Jl/2 0 2 HOAPJBB2 0 

2Sfctt^Jtt3fe&l>) oi2 (b)lt B2 (a)O 
Stg«t3£2 5 0±KitQ;*ft/cT i N12 044*lt 

[0 02 1 ] #ffe§S<D 1 -P<DHife^CCi5C>'C, T i Ni 
«> L <tet£M 2 0 4«. SlO^U-b^f^ (a) 



20 *>^1 0 OCcS<K^^>CVD^ + >^'^b<«^i'> 
^CC*JC*T»JSRSti*. ««flHt2 5 0**'rS'?x- 
^1 9 0*->*-^3fc!*^^*^H 5 0±CC^Mb/c 

a, t i Ntaai«8iofc«)«: % NH 3 &trr ic i«£te 

<DtfX£— «CJBift>^l OOrt^A-T^o T i 

CMt r«yu^i/+*7— ^7 K 1 2 0CD1 o©*/ 
X7-/> (EKvti-r) £fId3LT, (He)S 
CBfiR(N,) iHB*c*A3ti*. **>'*S"C«(* 
*C&£T i C 1 4 tt, Wl S'*?* A <B5H* 

r) ^fflit^7>f>«:^3n^ a«, «t<o 

30 #*itt«B#fieffl"C**. T i C 1 « : 3-2 5 s c 
cm <*{*j*«*&«iE) , He: 5 0 0-2 5 00 s 
ccm. Nj : 500-2 5 00 sccmt*^), He 

sc^N a ». aft* r#fRj #*£#*>*vci>£ 0 He 

r) ^7k^ (H,) ^(DffeO^fejlMi^ib^fiefli 
«Cim^ S£fifSH-C3 0 — 20 0 s c cmCD 
NH,(t 100 0 — 5000scc m COSES® ffl<DN a 
»CD«fi#^i— 18 «C, ^mi3*ls*V-^v HI 2 
0©*2#*7-f >*S£l/C, jfflft>^100«C 

tzj&^cctt&r&c&ecj^r* ra«j -nnopititt 

50 N l M1^2 00 0 sccm, *lt»2©#^7 
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-f >eci$W5T i C 1 4 <Dift*#*fcJl 2 s c cm. N, 3) 
$tfi##J lOOOsccm, He <D«tfi##j 1 0 0 0 s 
c cmtT i NOmm&J ^Ci"C*S 0 W^ilO- 
5 0 hJb0©HfctoW*JK,5 h;l/ f »*0<«iR20 h 
^<fc9**<r>±EE#£. 4 0 0-6 0 0°CCD®Hl*3, W 
x.tf#)5 5 0 -C5m. » * U < tt&5 0 0 'CCD^-rX * 

iOfiUlBaOMOtil^. 1^ 1 00 0-5 
0 0 0 s c cmH<Dft2 0 0 0 s c c m. BIRtthJ: D 
^<Ofi»^Rgtt^^'-S>«* («*.«, Ar^COffe 
(D^RStt*/*) &M<Drt*^4^t%m?-<?l>>^\ 0 0 
©l£fiPK:RW6tifc^<-^^«<&« 1 0 4 <b£HE&b 

30*^*** 1 5 0 OXflPJCcTBfaoJKflittabsVfll^ 

/cm^aoRjE^SrW-rS^^'y^Ott^T i NIP 
2 0 4^M«Ci^, CCDT i N12 0 4tt, 

h*-;l<2 0 2H<D*§WCC*f^£&i* d<DJt<t^j| 
3tt£ 6 ) TiN12 04lt Silt (2 2 0) JSlZ? 
(2 0 0) CD^S*fi[^W-r^o 02 (c)&, 
^ h*-;U2 0 2H<DrtSiWDT i N^*^^2 1 0<DJ£ 

ffit,c£--,X. H2 (b) <Dm&frhB?&?2>Ct&~e* 
[0 022] i> 5 1 OC^Jfe^CCfci^T, r^j T i 

CiCCj;D^3tlSo BJSEl,fc«fc5K:; NH 3 : Ti 

*©i^L^T i N©t(W1#tt«:IHBT4. ^ti-te** 
7-9^ (a) KftoT*SbfcT i NJil^^^f 

H 3 : T i C 1 «Jt**rrc<fc*C<fcoT* \&t)tm&l,1c 

Tte, XT-^'(a) RVXrvy' (b) <Z)7"P-te*t£ 
iiKti^OTcffifflUt, Rtt*J»3©T i N 
«M£02 (a) ©a«**2 5 0±tC*«3l*Tl> 
S. 

[002 31 B3 (a)-3 (d)it COftBHttW 
ttftC>*a*I£5:W£gtR2 0 0(£itSB§Kffi£^;LTl> 
&<> H3 (a)tt, H2 (a) <D*k><Dtm— <D 

at««Jg3 5 0«:*Urc^4. B3 (b) It Wt, 
*r CO»«»jB3 5 0±tcii8i$tifc* 1 COT i NJI 



(7) 1#PB2 0 0 1 -404 7 7 
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3 0 2^Ul^. 7"a«^f ^7" (a) X 

« (b) 0i'fee>M«EfflLtfiM(DT i NI302^r 

s®«f£3 5 0±ccJ£«3H±5& e tr^imm 

2 0 1 AJJi bTT i S i .tftftlt «$JOT i NJf 

3 0 2£ff5J£T£CDK:/P-teX*<r 7' ( b ) £B3l>& 
<D#J?£bl>o y-P-feXXf ^7" (b) £flH>TffJ/&£ 
hfcT i NJf 3 0 2(i, (111) ^fl[<D«*Hift«: 

(200) ttaawfi*^. ^^r, 03 (a) CC^T 

<fc5CC, ^^^^77* (a) «:HH»T. J?<* t a <D 
10 SS2CDT i NB3 0 4*H3 0 2±«:JB«c-r4. 130 

4l*Ji3 0 2<htW5ur^^^^^^'u-^* 5 Mif^* 

J?3 t t&mZ t,J:0feJWr>Ci**»* bl>. 
-e©^ ^Pt^Xf^ (b) «r»0i8LT. 03 
(d) K.7T<?£*>K.. m$ t,<Dm3<DT iN1306 
£Jf 3 0 4 ±CCffM-T ^Tvf (a) 
SO' (b) 4fflC»SC<D«S©»ii«*'i:*«:j£Crffl 

ftfelkQiEU «**ffJfc«£T iNI3 1 o^-r^o 

1S^T i NH3 1 0<DJ^3 t c «, &H3 0 2, 3 0 

4.3 0 6, • • • m<om$ (t,+ t,+ t,+ - • 

20 • ) <D£rfHC<fc9f#6*l*. MIS* CtlhCD^SM (« 
JiBSR^BIiSt>*x*Ctfe**) 302. 3 04. 30 
6tt*fc6«Sr*«3'eS4. I302W 

3 o ett^rufesc^ra-^D/s^tw^i'iJWift 

COJ:^ecLrJBflEStifc«^T i NI3 1 Ott. 7u 

(a) fc<fc9^3ti4ft»tt*^?:*# 
^u-S*D*WSt, ^p-tex*?*?:/ <b) tc<fc£Ste!> 

[00 24]#|iU*, 1 x 1 O^O/dn^iO 
mfctjZ^T&T i N@3 0 2^Mfi2 0^>^X h 
D-A*«OJ13 t a *-C^$tl^>o fi5x 1 0 9 ^>f 
>/ c m 2 *r3KDMl£^<b^ 9 5 %(0^ r » 
5/<b^Wr^l3 0 4^ a«i 5 0-3 o o^->^^ 

hn-ACDPfl, ^l<ttfi2 0 0^>^hP-A(J) 
/»S taS-CiiaSti*. CO^JK^f-^^ (a) R 
O (b) ^^^C^Oil^r^StCfCDT{5JS^^0iM 

40 tf, 5*Slt-Y^^C0Sm^C3-fe^^^fflC^, 100 
0^>^*X hP-AH$(D^7^ ^CD^cCliT i NH**3fi 
9 0%CD^XT-^^^*U-^^#e>n^)o 
[0 02 5] ^'P^^^T"^^ (b) 4 0 — 

2 5 0<Oi5Hrt. l>< l*m8 b<DNH, : T i C 1 4 
tt*fflC>iCi*£«itS. NH 3 i£«J10 0-5 
0 0 s c c mOKffl, W$ O < teft 1 5 0 s c c m^J: 
< . — 3?, T i C 1 1 -6 s c cmCDfcH, W 

^ b < te#J 1.8sccmiU05. (6<0*»i*f ^* 

a. aaavEAfiHu^f 7^ (a)«:^ti«c 

50 SS^ft-S. 
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[0 0 2 6] ^n-feXSft(D{&TRO'NH 3 : T i C 1 , 
Jt©Jft*£tt, $^Q2o(Dlg&glr$)^ c Ti 

(a) -6CC«7n3*rCl»S. §4 (a) tt, #}5©N 
H 3 : T i C 1 ,Jtt»-r*. #J6 8 0 TO«^fX 
arcoeiSNHj/T i C 1 .ig^PtX^ffll^li 
4 0 0&CM4->fl:JI4 0 2±CCJgfiS;Sn/cT i N@ 

4 0 4©MMi^LtC^ c Ji4 0 4CD*ftWCC 

mtteio 04 (b) 14, T i Nil 4 0 4 ©JI£ ©H£fc 
iLTgU£*SCJ^H«aan4^'r^7'r*6. TiN 
Jf 4 0 401^^2 00t>^ hn-A#>6 1 0 0 
0*>^* Ha-Afeiitcit-rtcoiiT, Kl£#tt4, ft 
2x i 0 ,0 ^>/cm J ^^ 1 x i 0 10 #^>/c 

£l*5C©9!6*>tt-rC^ F*Xtt, r»/hfc«(micro-c 
racking)j , BP^RjCB^J<D^cSP^?rfB&T2)H4 04ft 
©*7?*404C©ffi«tecfcoT»|liS*iS. awa 
KWilWfi!S*>lKjl40^62 6 0ii*-A 

[00271 05 (a) '**->4HffiM5 02R 
tfg«5 0 O±CC^0ESftfc*^ **©ttC»T i NI5- 
0 4 4^1/^^4. C015O4(J, NHj :TiCl 4 

tt£tt6 ottWcS-e&i^ct, :/n-k;*i&g£#j6 8 

0X;CC*i}$bTit«3tt4. H4 (a)©TiN140 

2 ±\mmmc. c<dt i nh 5 0 a Ktk'hftsccnEK 

5X 1 0 10 ^W>/cm 2 fig(Di:hl^tC-®cS$ 
0, — ^@Wffitat4ftl 2 OM^A-cm^ 

mi oo/i^A-cra*sw-r^ 

[002 8] ^7^©&OT i NJf tt, NH 3 : T i 

•c*rW4ct4c<torfcjBfltr*c:i3&sr*s. 0 

5 1 0 0 0:*>^X ba-A(DJf CCO^T©, 1X10 
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[0 02 9] **W*. t§*©T i NlSffl^P-fe^itt 
KUTNH, : T i C l«Jt£«*T*£ttte> ^o-fex 

^@i»J6©«*©^fc*i^£C4*<©* 

[0 0 3 0] *f6W©ftSrtS*K0 Aftfc»"^*©ff 

[a i ] xmi^te'i'ztctoK.&m'ei zmmowi 

[02] ( a ) t4*ifc 93©-^lJfe#l«:S£ -5 fcilMREIBfR 

(b) tt % jltt«fc^^^ilW@K»JfiOS« 
©SI«Kfc»*»«»^lBW8KfflH«:*0* ( c ) (4 

[03] ( a ) t**»IH©8flCD3l«i««:a o fc&AllBg 
(b) 14, *»^CDJSfl(D3ll*««c$6^/cJiaiaiBI!BiO 

..|8BCCfcWSS«1«JS©«B8BrffiH*mU* ( d ) 44* 

[04] ( a ) Kflft/MUl<CT? T i N*£)K©<SJEBS»tE 
30 0~C£>9, (b) 14B4 (a) ©T i NttHCC^^C© 

[05] (a) li^7-;Wj:^T i N»BI*W^T4 
«J«*rBEir*»K <bH405 <a)©TiN*S^«: 
o I > X <Dfct)J&zm Wffitn 9 V T & £ o 
[06 ] 5 0 0°CTJft«i**l/cT i N4m©j237&tfB 




(9) 



<$WH 2001-40477 




imi) 




ISO \rf\ 



Be 




fee 



IM2) 




(a) 



(b) 



(c> 




3^° 







4] 



(a) 




(b) 



\ 4Jd6«it 



: 



■Illl* «^ 



0 100 



w 

if 



nto 1290 



(A) 



(10) 



4#g§-2 001-40477 



[05] 



(a) 




(b) 




M&ttXtfJS (500°C) 




St 

t 

\ 

o 
3 



TiNMS(A) 



(si)int.ci. 7 is^Jie-^ 

H 0 1 L 21/3205 
21/768 



F I 

H 0 1 L 21/88 
21/90 



M 

C 



CI 



(11) 



1$§B2 0 0 1 -4047 7 



- 3450 i-l/J<— 75 
(72)ffeHJ3:g 5 > I/- 

^ ^x-Y 138 

(72)f£9B* VUvF 

9*^4 S t *V*> -JVA'K 7771 
(72)1^* 7V5?t? + ^7 A ^'J^^rX 

-Y^ 6609 



(72)f£9§* f73 

y-fe\ 3-F 2179 

(72)^* Xtf-f b~. ^>F- 

y # u y * H'-TiNi 

275 ^>^'-22 

(72)#£?frg 

3-h F* 7^xD 

12881 

(72)^W* ^?-fe;u x;u*7>^f- 

t> y tt^mm. **)y* ^-rw, 

F U-F 565 



